Abstract: A nickel (II) pincer complex, [( Me N 2 N)Ni-Cl], was used to catalyze alkyl-alkyl and alkyl-aryl Suzuki-Miyaura coupling reactions of unactivated alkyl halides. The coupling of alkyl-(9-borabicyclononane) and phenyl-(9-borabicyclononane) reagents with alkyl halides was achieved in modest to good yields. The reactions tolerated a variety of useful functional groups including ester, ether, furan, thioether, acetal, boc groups.
However, the reactions occurred only with primary alkyl iodides; neither secondary alkyl iodides nor alkyl bromides react under these conditions and significant hydrodehalogenation of the electrophile was observed. In 2001 the first efficient method for Suzuki-Miyaura coupling of non-activated alkyl electrophiles was reported by Fu and coworkers. 4 Coupling of alkyl-(9-BBN) reagents with unactivated alkyl bromides was achieved with a Pd(OAc) 2 /PCy 3 catalyst system. Since then, the majority of the reported sp 3 -sp 3 Suzuki-Miyaura cross-coupling reactions have been done using palladium catalysts, with phosphine ligands 5 or N-heterocyclic carbene ligands. 6 There are only a few methods for base metalcatalyzed Suzuki-Miyaura couplings with nonactivated electrophiles. Fu and coworkers successfully developed systems using nickel catalysts to perform cross-coupling of alkyl electrophiles such as unactivated secondary alkyl halides, 7 unactivated homobenzylic halides 8 or unactivated secondary alkyl chlorides. 9 Liu and coworkers reported in 2011 a copper-catalyzed cross-coupling of primary nonactivated alkyl electrophiles with organoboron reagents. 10 In the presence of LiOt-Bu as a base, CuI could efficiently catalyze the cross-coupling of primary alkyl tosylates and bromides in moderate yields. One year later, the first iron-catalyzed alkylalkyl Suzuki-Miyaura coupling reaction was reported by Nakamura and coworkers. 11 The use of a [Fe(acac) 3 ]/Xantphos catalyst and i-PrMgCl as an activator for trialkylboranes afforded the coupling of primary and secondary alkyl halides in a highly chemoselective manner.
Our group has developed a Nickel (II) complex with an amidobis(amine) pincer ligand, [( Me N 2 N)Ni-Cl] (1), 12 which has shown a high efficiency in KumadaCorriu-Tamao coupling 13, 14 and C-H functionalization reactions 15, 16 using unactivated alkyl halides as electrophiles. This well-defined Nickel complex affords broad substrate scope and high functional group tolerance. Moreover, it was shown that -hydride elimination of [( Me N 2 N)Ni-alkyl] complexes is kinetically accessible but thermodynamically unfavorable. 17 Due to the versatility of the [( Me N 2 N)Ni-Cl] pincer complex 1, it is interesting to continue exploring its reactivity in other cross-coupling reactions. The aim of this work was to develop conditions to use complex 1 in Suzuki-Miyaura cross-coupling reactions of unactivated alkyl halides (eq. 1). 
Cat. 1
The 9-borabicyclononane (9-BBN) reagents are the most reactive boron species and are often used despite After a large screening of reaction conditions, it was established that complex 1 was efficient for the alkylalkyl cross-coupling of n-butyl iodide with octyl-(9-BBN). Dodecane was formed as the major product.
The best results were obtained using 5 mol % of catalyst 1, 1.6 equivalent of NaOH as a base and 1,4-dioxane as solvent. The reactions were heated for 24h at 80°C (Table 1 , Entry 2). 8b These species are presumed to activate the alkylborane reagents for transmetalation by making the organic group more nucleophilic. This report prompted us to use iso-propanol and sodium iodide as additives (Figure 1 ). Addition of 2 equivalents of iPrOH and 50 mol % of NaI had no effect on the reaction with n-butyl iodide, but the yield was improved with other substrates like n-octyl iodide, nbutyl bromide and n-octyl bromide (from 40%, 59% and 55% to 79%, 68% and 80%, respectively). Addition of only iso-propanol as an additive was not efficient for n-butyl iodide and n-butyl bromide (yields decreased from 66% and 59% without any additive to 30% and 40%, respectively). Interestingly, the addition of only iso-propanol was helpful for the reaction with n-butyl chloride. The yield increased from 42% without any additive to 69% with 2 equivalent of iso-propanol. In contrast, yield decreased to 32% with the combination i-PrOH/NaI. With the optimized conditions in hand, the scope of the reaction was extended to different alkyl bromides and iodides with various functional groups ( Table 2) . Cross-coupling occurred with a broad range of substrates. 1-bromo-4-phenylbutane (2a) reacted with the n-octyl-(9-BBN) to give 68% yield of 3a ( Table 2 , Entry 1). For ester iodide and bromide, coupling products were obtained in 59% and 58% yield respectively ( -hybridized carbon electrophiles were unreactive under the given conditions. Reaction of the 1-bromo-4-(2-bromoethyl)benzene (2j) gave only the 1-bromo-4-decylbenzene (3j) as coupling product (Table 2 , Entry 10). Bromides are more reactive than chlorides: reaction of the 1-bromo-6-chlorohexane (2k) gave only the 1-chlorotetradecane (3k) as product ( Table 2 , Entry 11). Our experiments with other alkylboron reagents such as alkylboronic acids, alkylboronates or potassium alkyltrifluoroborates were not successful, so we decided then to focus on alkyl-aryl Suzuki crosscoupling reactions. Boronic acids present many advantages. They are relatively cheap, air-stable and commercially available reagents with a high functional group tolerance. Most of reported alkyl-aryl Suzuki-Miyaura coupling used alkylboronic acid and aryl halide as reaction partners, in order to avoid the β-hydride elimination when an alkyl halide is used as electrophile.
As -hydride elimination is thermodynamically uphill with the pincer complex 1, our idea was to couple alkyl halides with arylboronic acids to achieve alkyl-aryl coupling.
Our initial studies showed potassium tert-butoxide as the most effective base. With most of the common organic solvents, including 1,4-dioxane, no crosscoupling occurred. With tert-amyl alcohol used as solvent and a reaction temperature of 120°C, 42% of coupling product was obtained for the reaction of phenylboronic acid and n-butyl bromide (Table 3 , Entry 1). The importance of the counter ion in the reaction was demonstrated by using bis[2-(N,Ndimethylamino)ethyl] ether (OTMEDA) as an additive. Without OTMEDA, yields were 42% when KOt-Bu was used as a base, and 2 % when NaOt-Bu was used as a base (Table 3 , Entries 1, 2). With 3 equivalent of OTMEDA as additive, the yields were 34% and 21%, respectively (Table 3 , Entries 3, 4). An interaction between OTMEDA and the cation might explain these results. A better result was obtained (51% yield) using NaOH as base in the presence of 3 equivalent of OTMEDA (Table 3 , Entry 5). Without OTMEDA, no crosscoupling product was formed (Table 3 , Entry 6). With 50 mol % of NaI but without OTMEDA, only 6% of coupling product was formed (Table 3 , Entry 7). The combination NaI/OTMEDA as additives was not beneficial at 120°C (Table 3 , Entry 8). But by decreasing the temperature to 80°C, yield was improved to 57% (Table 3 , Entry 9). It appeared that the presence of an anionic halide allowed a better coupling. For the coupling of n-octylBr with phenylboronic acid, the yield was 46% with only OTMEDA used as additive (Table 3 , Entry 10).With sodium iodide (50 mol %) as a further additive, the yield was 66% (Table 3 , Entry 11). With magnesium bromide (50 mol %) as a further additive, the yield was 63% (Table 3 , Entry 12). Additive other than OTMEDA gave lower yield, or almost no product (2% of yield when 2-methoxyethylether was used instead of OTMEDA; Table 3 , Entry 13). These optimized conditions were tested for the coupling of different substrates carrying functional groups (Table 4) . But the yields were quite low, around 20%. Reaction of the 4-methoxyphenylboronic acid was tested with the n-octyl bromide and n-octyl iodide. Coupling product 4o was obtained in the same range of yield (16% and 19%, respectively, Table 4 , Entries 4, 5). Due to the low efficiency in the coupling of phenylboronic acid with alkyl electrophiles using 1 as catalyst, we decided to use the phenyl-9-borabyclo[3.3.1]nonane as arylboron reagent. The same conditions used in the alkyl-alkyl coupling with octyl-(9-BBN) reagent were successfully applied with this reagent (Table 5 ). to 93%, while with 1 or 4 equivalent of i-PrOH, it was 84% and 82%, respectively (Table 5 , Entry 7). Use of another I -donor, tetrabutylammonium iodide, afforded a decrease in the yield, from 91% to 25% (Table 5 , Entry 10). At room temperature, the reaction required longer time to proceed; the conversion after 24h was 64% and the yield was only 51% (Table 5 , Entry 11). Replacing 1,4-dioxane by iso-propanol as solvent decreased the yield to 73% (Table 5 , Entry 8). But replacing 1,4-dioxane by tert-amyl alcohol as solvent increased the yield to 98% (Table 5 , Entry 13). Consequently, we decided to perform these alkyl-aryl Suzuki reactions in tert-amyl alcohol. Scope of the reaction is reported in Table 6 . Table 6 Alkyl-Aryl Suzuki Cross-Coupling between Phenyl-(9-BBN) and Unactivated Alkyl Halides (Table 6 , Entry 1). Several functional groups tolerated the conditions of the reaction: esters (Table 6 , Entries 2,3), ether (Table 6 , Entry 4), furan (Table 6 , Entry 5), pyrrole (Table 6 , Entry 6), carbazole (Table 6 , Entry 7), acetal (Table 6 , Entry 8), and boc-protected amine (Table 6 , Entry 11). Yields are similar between ester iodide 2b and ester bromide 2c (59% and 76%, respectively; Table 6 , Entries 2, 3). -halides for this coupling. Reaction of the 1-bromo-4-(2-bromoethyl)benzene gave the 1-bromo-4-phenethylbenzene (4j) as the major coupling product (56%; Table 6, Entry 9). Conversion was complete and 4-phenethyl-1,1'-biphenyl was the only byproduct (23 % yield). Bromides are more reactive than chlorides. Reaction of the 1-bromo-6-chlorohexane gave the (6-chlorohexyl)benzene (4k) as the major product (82%, Table 6, Entry 10).
It was reported that activation of alkyl halides using complex 1 in Kumada-type coupling reactions occurred via a radical mechanism. 19 Coupling reaction with a radical clock, 6-bromohex-1-ene (2n) yielded the ring-closed product, (cyclopentylmethyl)benzene (4n), in 70% yield (Table 6 , Entry 12). The direct coupling product, hex-5-en-1-ylbenzene, was produced in traces. These results are consistent with the fact that the activation of primary alkyl halides takes place via an alkyl radical intermediate. The recombination of this acyclic primary carbon radical with the catalyst is slower than the ring-closing rearrangement of the hex-5-en-1-radical. Thioether, benzylether, alcohol, carboxylic acid, indole and amides seemed not suitable functional groups under these conditions. No cross-coupling product was formed when substrates carrying these groups were used.
In summary, complex 1 was able to catalyze SuzukiMiyaura cross-coupling reactions of unactivated alkyl 20 The catalyst is also commercially available from Sigma-Aldrich bearing a short name -Nickamine. The list of the references and procedures for the synthesis of the following starting materials can be found in our previous publications:
13,14 ethyl 5-iodopentanoate, (3-bromopropoxy)benzene, 2-(3-iodopropyl)furan, (3-bromopropyl)(phenyl)sulfane, 9-(3-bromopropyl)-9H-carbazole, 1-(1-(3-iodopropyl)-1H-pyrrol-2-yl)ethan-1-one and tert-butyl 4-(iodomethyl)piperidine-1-carboxylate. Physical methods 1 H and 13 C{ 1 H} NMR spectra were recorded at ambient temperature on a Bruker Avance 400 spectrometer.
1 H NMR and 13 C{ 1 H} chemical shifts were referenced to residual solvent as determined relative to TMS ( = 0.00 ppm). GC-MS measurements were conducted on a Perkin-Elmer Clarus 600 GC equipped with Clarus 600T MS. HRCI-MS measurements were conducted at the EPFL ISIC Mass Spectrometry Service at Micro Mass QTOF Ultima. Elemental analyses were performed on a Carlo Erba EA 1110 CHN instrument at EPFL. All the cross-coupling products were purified with a flash purification system, the Biotage Isolera One.
Octyl-9-borabyclo[3.3.1]nonane; Typical Procedure
Under dry N 2 , 9-borabyclo[3.3.1]nonane (9-BBN-H) dimer (5 mmol, 1.22 g) and 1-octene (12 mmol, 1.34 g) were dissolved in 1,4-dioxane (20 mL) to deliver a final concentration of 0.5 M based on the alkyl-(9-BBN). The reaction mixture was stirred overnight at room temperature. The solution was filtered and used without further purification.
Phenyl-9-borabyclo[3.3.1]nonane; Typical Procedure
Under a dry nitrogen atmosphere, the B-methoxy-(9-BBN) (1.0 M in hexane, 20 mmol, 20 mL) was introduced in a Schlenk flask and hexane was removed under reduced pressure. The boronic ester was then redissolved in 40 mL anhydrous Et 2 O. To this solution were added phenylmagnesium chloride (2.0 M in THF, 20 mmol, 10 mL) at -50°C. The reaction mixture was stirred overnight at room temperature. The solvent was removed under reduced pressure to obtain a white solid. 20 mL of pentane were introduced to crack the -ate complex and the mixture was vigorously stirred for 3h. The slurry mixture was then allowed to settle. The supernatant was transferred into another Schlenk flask. The solid was extracted two more times with 20 mL of pentane. After evaporation of all the supernatant fractions, a slightly white oil was collected (3.22 g, Yield 81%) and used in the catalysis without further purification.
Alkyl-Alkyl Coupling reactions; General Procedure
To a solution of sodium hydroxide (1.6 eq., 0.8 mmol, 32 mg), catalyst 1 (5 mol %, 0.025 mmol, 8.4 mg), sodium iodide (0.5 eq., 0.25 mmol, 37 mg), iso-propanol (2 eq., 1 mmol, 76 µL) in 2.4 mL of dry 1,4-dioxane, were added alkyl halide (0.5 mmol) and the alkyl-(9-BBN) (1.6 eq., 0.8 mmol, 1.6 mL) under a nitrogen atmosphere. The reaction mixture was stirred at 80°C for 24h. The solution was diluted in Et 2 O (10 mL), filtered on a short pad of silica, washed with Et 2 O (3 x 10 mL) and concentrated to dryness under reduced pressure. The residue was purified with a flash purification system to give the coupling product (Tables 1, 2) . 2 To a solution of sodium hydroxide (1.6 eq., 0.8 mmol, 32 mg), catalyst 1 (5 mol %, 0.025 mmol, 8.4 mg), sodium iodide (0.5 eq., 0.25 mmol, 37 mg), OTMEDA (3 eq., 1.5 mmol, 241 mg) in 4 mL of dry tert-amyl alcohol, were added alkyl halide (0.5 mmol) and the phenylboronic acid (1.6 eq., 0.8 mmol, 98 mg) under a nitrogen atmosphere. The reaction mixture was stirred at 80°C for 24h. The solution was diluted in Et 2 O (10 mL), filtered on a short pad of silica, washed with Et 2 O (3 x 10 mL) and concentrated to dryness under reduced pressure. The residue was purified with a flash purification system to give the coupling product (Tables 3, 4) .
Aryl-Alkyl Coupling reactions; General Procedure with ArB(OH)

Aryl-Alkyl Coupling reactions; General Procedure with Ph-(9-BBN)
To a solution of sodium hydroxide (1.6 eq., 0.8 mmol, 32 mg), catalyst 1 (5 mol %, 0.025 mmol, 8.4 mg), sodium iodide (0.5 eq., 0.25 mmol, 37 mg), iso-propanol (2 eq., 1 mmol, 76 µL) in 4 mL of dry 1,4-dioxane, were added alkyl halide (0.5 mmol) and the phenyl-(9-BBN) (1.6 eq., 0.8 mmol, 1.6 mL) under a nitrogen atmosphere. The reaction mixture was stirred at 80°C for 24h. The solution was diluted in Et 2 O (10 mL), filtered on a short pad of silica, washed with Et 2 O (3 x 10 mL) and concentrated to dryness under reduced pressure. The residue was purified with a flash purification system to give the coupling product (Tables 5, 6 ).
Dodecylbenzene (3a)
Yield: 84 mg (68%); colorless oil. 
1-(1-Undecyl-1H-pyrrol-2-yl)ethan-1-one (3h)
Yield: 65 mg (49%); yellow oil. 
